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Abstract: PROBLEM TO BE SOLVED: To obtain an optical memory head capable of securing a more 
recording capacity by making an optical memory head be the recording and reproducing optical memory 
head constituting perpendicular resonator surface light emitting semiconductor laser elements as a 
perpendicular resonator surface light emitting semiconductor laser array while plurally arranging them in a 
grating shape. 

I SOLUTION: Perpendicular resonator surface light emitting semiconductor laser elements 1 to be used as 
an optical memory are arranged in a grating shape. The semiconductor laser element 1 is constituted of a 
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substrate part 2 having a prescribed thickness which includes a multilayer reflection film and a laser 
activating layer and a laser beam transmitting part from which a laser beam is to be transmitted and which 
is placed at the rear side of the substrate 2 and a recessed part is formed on the substrate part 2 of the 
\ directly upper part of the laser beam transmitting part. An optical fiber piece 5 has a slight height and is 
consisting of a clad 6 being its outer part and a core 7 being its inner part and only the core 7 is exposed at 
its lower side and a core shaped super minute tip 8 is protruded in the central part of the core 7 at its upper 
side. Then, one line of an evanescent light generated from the inside of the laser beam transmitting part is 
projected via the super minute tip 8. 
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[ft§riit#©S6[8] 

[!S#1l] ^-if3tSr.«lt1-5 = rw««SiW5tiSSr 
gftV'-ififH^^ &SE*lgS*HS8)t^ 

«3t^«» \y— 14, 3tieSKftroiHl^»^* 
fa l-tt L TBf S©3&'h:8 &<!^T 4 5 r ir £ t -5 

►> £ 5 fr ICBB Zixtz 2 o©fttt£tgS8£ffiSS)t*i£<* 

U-1fr WlcatWLT. BUflK. SgLfc 
fcM«+5 fcftwSBifeSSaiEfttt^MMfr v— 9"* 

TU-W Srg8ftT4»), ttSUfflfciS^T. |S]ff|H]*iJ©eft![ 

[000 1] 

[«91©i9rB-t~3ttffi£ft] ^*!Jf^ 

£*5IB»r?£fli***y~s' 
[0 0 0 2] 

[tt*ott«] %Cftff£gllRtertStt*©ftjt*y 

©KWftSrt&tti L.-CfflHI©ff£*>5 vM48Eft*fT 5 

f-A^Tjf s/ hSrJgfig-rar t l-<t <9 , 107 ~108[bit/ 
[0 0 03] ttEJfc* * !> ^ y Kl4, B&iEftlS&l&ftff 

a*-* (tr— A(tH*»!i»-t-«B) iCtoT [0.1 n 

■]©*- ^-cF^yif^iiiPiiia. r©»£\ eft 

SitS U— jf^-f ah- Kftl4±C 1 fflTfc 
5. ft**atUT, £*#JKS*iift£¥iftft 

U— »f (Vertical Cavity Surface Emitting Laser) ;J> 



*y^x^ieftff±i6ittafflLfc«tt/j;v\ rti 

©SE&©fc*-Cfo-5o *y-7*^**lB»ff£ 

•*-3»±*~y K**95»ifC*>9. MSBftSBftttflE 2: 
«rtB*^ =e y ^ y KiSHflHWt^ LT«ttL4# &Eft 

[0 0 04] 

(«Wi4s«fftL±5 £i-siun y^* 

^SftrftSfiBia, flWEf-A^dfjy h©B:«as/j%3v* 
8, *ft©flMB«r3tBft«t*ftKEfti-*ri:aS"T?#S 

3t^watittofc3t>*y^y K-r*>5fc», 3t©Kfi 

rt#-C#4^. ftoT, BftftfcffifctlSfi&l 2 0 
MwjfcEftllfrfcfc^Tfc, l o[GB]©iSft£ft 
L*>fln»t?#-f, ■S-b©-^?-.*?^ riift©>*y 4 

[0 0 0 5] 

— !f *«:IHW-*-5 = r ©fflftft*«Sr*ri-«*7 

ftftiK*ffiB«iii%%^«ft: i^— if 11^ 

E?iJLTSiS*®§g*Bnll)t^{*u— ifT t LX 
4*Bftrf4fflJt^*y^y Kt-TSC tf, fflGRJi 

WRfftrSWHU. JRBW^JSftJt^^yf^^^lBft 

-if 44 (Vertical Cavity Surface Emitting Laser) 
*t©rBllH^iKjl 0[nin]l^ozi>' ; 5' : j' KyKMt 

[0006] <cj3, ^e^S^lcis^-Cte, HJiSWU- 
■tf^^-K, •fjWSftLTtt-oU' 
—9**, XI4U/lftlcffiftlBjtE«lirWi-5Sil[^fiS« 
ffi«*##»:V'— tf^atoai/^yir^htt^!©, u- 
if^S^^lci 19 4fiRS*ifc±T© u— ifK* u— if 3t 

[0 0 0 7] 

[*W©HliS©)g(i] EIT, *«W©Hlife©^(i^ov> 
TliiW-r5o 0114, 3t>*y^y KfcLTffllf^SM 
U—!f4* VCSEL (Vertical Cav 
ity SurfaceEmitting Laser :WT TVCSEL J iV>p) 
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i&&*vtk Ltz-®&x® t &mx'hz>< ! & vcsel 
i ta, zmmv&t I'-tfjsttJi* tratwjrsws 

5) tfrbte'o. «u— 9-')tiiimsii3»B:±gi5rossa5 

[0 0 0 8] 5li5t7 7 -f^^T$)oT, 

rmm*, =>T7<DW&tuzti* jjwhh:, &=t7 

5. ::©±5fc»Jd^fc*7T-f'<)T-5©TiS«0>=»T 
7*5, fNE£«tt2±apgtt4£JtlR3ft. 

[0009] 12 2 14. fife VCSEL^i=- 1 <OJtffB0-Cife 
5 0 3$ VCSELSg* 1 14, U—ifJfciSatt 3 t 2 t 

DtAmtlti^ X 0 I' 1 0 tnm]*>e> 1 0 0 [nni]fgl(0^ 

V<5EL**1 «:jej£-r5*m»4n-AlGaAs/G 
aAs Rtfp-AlGaAs/GaAs 4Jf©-ftW4()Cf*)5^, 

IEi@»»$fe4ffi8«, u— JfSSSjtWjtaftfertSftfi 

5 r i (H l <r>-15Mfim*m) . 

[0010] WE VCSELKf* 1 ttlC-JtW 

frWA-Ci»), jffiB&LT^i-^i:, VCSELT WT A 
•?*>*. Si VCSELT W A SrHI&KStfg-tSKtt, «K 
(Z) VCSELsR^ 1 , 1, -&m$LXUm&1tZ><D-?tete 

<. a*©* tf*** J: o-c vcselKI? 
1, 1, "■*H&-maitMfcJ»tiL-t&1f&#9ibtiX\i'> 
•5. t&tLtli, VCSELT W A 12, ffl&O) VCSELSt 
f 1, 1, -••#tt£-$*VC£n3-fr3t>©-C&S. 

[ooii] m-ft legal SftfcWE VCSELT i cog 
^«B5fe4S 8 *» e>«W**i5-5fl«r4.t- l'— #14, 

It. *«-W©**©«^i*tf-AtU**:»ritt-*. * 

WttSI-fcl^T, WE VCSELT W A©?t t »43tE»«t 
#©|5|*E©«»©#|SjlcJBofc:H«*» *©H& (43tlE 

[0 0 12] *©|5]?lJ© VCSELT WA^bli, 

£fts, we vcselt u^f At atfaLTgeasnsigjf: 
Lfcv>3tE»&tt©Eiiy@±U:. nwwft^tr-A^ 



tf? h*JBljW-<5. **fc»K*H:ia<ELTflra©E* 

6*«)l/- !f*«)IW»**d>*i5. Uft»U WEftES 
j&#©|5]!|E©&$ji,J:WE VCSELTU"T Al-4ol45ff*(S] 
fcj^sjEfrtjfcsj: ffirEftEftKit t WEVCSELT 
t"rA#BB£*i"Ct>3»£-l4. WE«§&©f- 
v h*B«H±T»<*U»ttl[ftO*>o-Cl*lii4oT 

[0013] -t-r-e, WE vcseltw ASrjfcE&i&f* 

MEHM©B*©fcr--A*>Ks> Mi. HJI*>oi»9^5 
fr iciafi^nfc 2 o©WE VCSELT* 1 2 1@ 

±Wf^ffl|cS<5%, WE VCSELT U-Y AlC Jo ft 5 VCSEL 
**i©«ktr3El£ii-*LT» nWfcE«W£ar«<e h 

Tlefl^So **», *W»#«fK:43^5 f)tE@i*#j 
il4, V*fr*6-*©*E*TO*3fe**-C*>*?-f h 

•7J/*?V** (WOftx^*?) ■^KtmWBft?'* * 
* (CD-ROM, DVD-ROM) , SiSlBrggTiJtE 

«Wfcfr?fc5tt*flafc5 f -r** (pc) 
KE«lt*«:*tf Jt^Y ^ 9 ©»WC*> 9 , )fctt«E« 

&{*:il4, V>t>»*-53tem7 ? -i'^^ (MO) ^©^t 

[0 0 14] H5K^Lfct©l4, *:«W©IEg!: 

fflro VCSELT U-f A^y KTE»**ifcflMS«rffaEi-5 
fc»Ofc©-C*>9, rix»4, WE VCSELT 1 © u—tf 

r t -eWE3tE»^l-E®$tvT^-5fi?«Sr^® 
5. Afc«l£l4» WE*E^«C^tc:E»$nfc^#ts/ 
h©^«lit£;C-C, Wi.HWflMSK'y 
14, tttfUltfy h*r*v^KW*«r*i-*»*«*fcLT 
fclttf, KiSSJfy MwgWL.fc)t^WESta»5t4S8 
SriiCTWE VCSELT A<p |C A W L , WE VCSELT 
^ 1 i£rSbfi$-a-TU-f-*«fi/ < cibL.*5 11 S#JC WE 
tit«fc*s/ h^#ffiL/,cVNiti4, ttff«bry h*rftt>R 

y ncs»Lfc**irE««»5ts*8«rac-c«rB ves 

ELIfi^ 1 KA.WUTtBE VCSEL*^ 1 £ u~!f3&«*e> 
L»5eroSb*Sr^i:*V\ LfcjJJoT, WEU— »f« 

■C, E^fflW VCSELT WA^y K-CE*$nfc«««: 

[0015] •eofcfeo^Si: LT, y*fi»© 

KJtR* = — y--f Kit, *<75igi§SrE5<'fc*!) 

ro^JRfi?^«rWEej»»5fe5S 8 ^<0WEU-f-')tW 
^jgI5 3 0TffilC3-T^^^1-5o rr-CWESi»SB5fe 
4S8I4, KSl 0[nm]SatU, W«WHffl-Ci2»t5 0 
«• VCSEL^^ 1 iZI4&A«tt«r»L-r*S<. WES?IS«8 
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oT^IS vcselSI* i #a&£ft/.e^8fil-iiiJie&A« 

EftS*ifcW«K';y hfeR*«iSr fc^pTffifc/ii. ft 
C£?tttt9]©fca&E«kJflJte**y^!/ Kfclf£fl] 

Efc^y^y K«r*ffl-T5r tt>^t?fc-5 0 

[0 0 16] fE*0>JB%7V KtffcfflV^ft^y 
^**Eftfl£afiBfc*5^-C, f£*0>~y K»*#« 
W©fflEEB<ff4fll#**y^y Kfcttx. «©7^ 
0[inn]©fff***r+*tt*©^-f ^nr 

5tM4tt*tttl¥©«*;& • /<*CJ:5IIJL*^y Ktrtt 
*&$!?© = >•** K*«i LtlWtlili. *38 

mommommt lt, aawafc^y^^EB 

W4«BtrflMM-Swfc#-e**. ::-c, = 
^y K3Sf*fcl*, BikFf4ffl3t^*y^y K«\ fflflHH 
LT3fcE*B{MfMttl*SttTfc5E»ff£#*-e 

*Wf»4. -t©*fV**a£*9±©E»H«:±fc:i,-C* 
¥fcBiWi3 0 *©Efikffi*<5*? f -f;**StR9©*ffi 
i^hacs 5 ~ i o [nmin&<o%.mmm#m l OiWBtttfc 

HTi3"9. rft^l4Si3N4 ^Si023?TflM£*lT^5r 
k#m*.Li\ Jet-SK3tlEtg^*©l 0«*iSlc:«i¥$ 

MBi l«JJiT^5. MEit^y^y Ktttt, 

MrC VCSELT W A tr*LTJ3 0. «BSIi»lt bilfc, 
iSSifftlOO Urn]©, 2S0f©R^y — i^<y 
Kl 2aVl«JJf©n»M'-y>'^<y Kl 3©gt3 

tfiiiWER»n^-!»j'^<y ki 3»tfH»y-~?' 
^^<y Kl 2 OA BBC flfErB^lw^fflSS^lct 

i/)l:iot, AMEftEStttteftSBOTSRoMAfi 

#»«s*t, jfeCflkw&is&jeHiKifTfriia. r©,t? 
[0017] iskic, Btrsjt^-ty^y kic, mmx/A 
a«»**«*u«*y~y K^tSfiK-rsrt^Tt 

<JV*T, ME VCSELTU"f A«:*«a8E»ffftlat«L 
&»£©*»*£■*-. WE VCSELJII-? HC*JV^, n-Al 
GaAs/GaAs #J§EW 5 5 - 1 U— IflSttJB fc *> ?> 4 5 £ 
tg»2©IW»C, ECR *'<y*mz.£oX*-h Stilt* 

B2rs)tt*iri-5v^t>^6i/4agi 5, M775f- 

a-f-^Kl6 4rMt5, ME VCSELB* 1 t?T E 



««EB«*KTRWL» fftn/4«CA«L.Tl'- 
IfiSttJlKlRofci: *fcfctt©*JMH>»iTEttJ: 9 0 
° J8tt#fi]#Jlft5TMftifc5. ttftftEftlKftUB 

fc^GjwfiSWit^fc.fcSflMBK'y h#Efiki**vCV\h. 
I4\ 3tf*-f ^^**-CS»**ifcttE VCSELT W Art 
-?3S£LTV>5TE, TM&raKffctlfg#£:bix5o - 

-yV rt— K^A^tVTfc 0 , 3fcB&ffi©ttfc2rffll£ 

JC*9flMI©EB<W§i*rfT3t>©-e*>a. *ftS* 
***y^y K*MJ&rs«^l*E*<Jft£tttt*«:&g 
fc ■*-*©"?, ifflEE®/8&UW4ffl VCSELTW AO« 
JiBfc, *««3t*E»l-*JR4«5Xtt*tt*"Ctio 

[00 18] fcfc, **W©fflE***y^y KK*»tt 

y^y KWflUfltoB&EISriasi^l-,, flfjE VCSELT u 
4 AJCi3^TV>< Oi»© VCSELT 1 aSSfcKELfc*§"§\ 
SflA> VCSELT W A K:£&-ei*l::. tk»Lfc*^-«r«l 
CO VCSEL^ 1 T?tt#-f 3„ BP*>, ftffE VCSELT W A 
£ IH— © VCSELT U>f AfciHSBWl- t 5 — OgHtT*3 
<o Aftffjl-»4, JSl©ttE VCSELTU-f Afc, 
^-* ; HH©fc©S:IB2© VCSELT At U © 
VCSELT W A fc*Stt £ttKE*?-#g lfTlOjfllKl* 
5*B^-Sr© (1. 10) fcSfcrf-rfclC-fiitf, fg2© 
VCSELT W-f AC»V^T*ntS*l£:-rS*Ml3U-?tt* 1 
n 1 0?iJB. "f-ftfcfe® (1. 10) t*W5.*l 
© VCSELTU'TA©® (1, 10) toU— •J'Jt^JtEft 
K«±lw|i<«UMitt % 352© VCSELT U-T AW© (1, 

io) cou— ^3t©w»tisi— -x?*)5*»e>, ia^$nx 

t^<CV ,1 fH^-*"Jfi¥a5^l-<toT > g?l© VCSELT l"< A© 
® (1, 10) ©ttK«:ttUi-5^|IS]l«lcjE4ir«aS2© 
VCSELT U"f A©® ( 1 , 1 0) © VCSEL*^ 1 fcffifg 

[0 0 19] 

[HJ60IJ] 114(4, **W©*7«*y^y KIC#t1-5 V 
CSELTW A-Cfo>9 , ^ VCSELT At4, ^Sfc© VCS 
ELJU^f It *a«a*>f>4 9, tt VCSELT 

ii4, s«ge2 1 !f3ti3iui»3fcaawijyB8«-# 

*77>f'^5tT?MJHt^5„ ffiiB VCSEL^l 

»4, ftyTJ't-KbnW&Ziso [nn], ^Jt^r-f 

E4lc^-rotplc:, X«S*(pjlci o oiB©, Y*6^|B]lc 
1 1 0 0lH©» : F-tt©iE*fT?i|i*5 4:?Jc VCSELT 
ltreflM-S. * VCSELT lWJt^T-f^K- 5©^* 
(CI4i£gl 0[nB]aB©ettllftMI8^B;it&nTV' 
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5 r t i«T# s. &m®.m%& 8 is, me vcsel^^ i 

[0020]|24<7)10 0fTl00 ?IJO VCSELT l^C A 

**wwiwic«r««re»i-*^fflH-cfci!)5. me v 

CSELTWAI4, mifi«>J:9l£mieefKMftW8«:±lc 
L-C*¥<*>#l£«££ft, taft/NEft.i:#£%&MK(* 
IE«B#JHf*»o#lft+ftJ:5lcBIB**iT^S'b 
(Db-fZo MEl 0 Off 1 0 0?UO VCSELT A^S 
itJ:*K*W-*-*^W' 1 0 0 0 0*©U— !f*tt, fflrie 

%Efttt*eBftJBicfflfei sooo [/mmso-cs- 
i+i o o o oiB©f-A^^s/ h^^fS-rSo fc*ru 

@4|Cjn$n5<t5IC, VCSELT U"f A CD$#fa 1 

*fcfcoo vcsEL*f-i©w*i ooT*>5i»e>. r*i 

fe^fc-f 1 0 0*Wjfctr-AO«l4*5 i-t 1 0 [nm] X 1 

oo, A7 7-f^6oeaicifc 

Ltlift-CJIi^tffltki. ftoT, l#fc*fc*ofc 
1 0 0*©*l?-AiJftl [ jin]e4fftgj£U -ttta* 
Ml 4 9[ Mm]cofflllt?S2E$4x5r ilCfc$0-C, h 
9y^Wli»4B|[K/j:4. *j3, Kbr-A*jKy FtfSfc 
ofc&»4, a*eftE^f*K:*;itSEft#&&|itltt 
lc, *©BM©*M»fcJ:oTR***0«fl:*>3V*tta5 

[002 U m4co«t5li, ilfre vcselt w 

A«r^r|E)tgB^iE(*:©lHllterog|il8 ^y^y'/t** 
ft) l!i»LT*/h**»ltT«MH-5i:. l»IB3tia»IK 
fc©EJ§Ug±te, SfcfcfcuiSifcLfci ooooirof 
-a^jKs/ M^«t5 1000 o*ro«)iBl;Sr«s< rt7)5nf 

l£fc*So AftWKte, *gl 5 00 0 [(ii]S:/itlO 
0 0 0*CDt*-A*#s, h«r»j*1"5ifEl OOftl 0 

O^IJO VCSELT w A*, mB&BftfltttoiEMEottflji 

(^•/j »C*fLT 0 =arctan( 1 

5 1/1 5 0 9 9) =$0. 5 7 3&&VX®&i-Z> 0 
•tit. iffiEftEflktttt0>EMB±£* . «ftfc4v^» 
ftUfci oooo*ow»*»<rtis-c#5. ^rotf 

vcsel^^ i ©Ama«**rttWK*a/</i'** 

p-f-fui, -Slci oooo l«7s/^^ 8P<bi ooo 
0[bit] 0*«*|HI«*lcB»ff4-#-5ii:*-C#6. L 

50 0 0 [Mm]£/,f-f 1 0 0 0 0*(OfiU8EV'— tf f—i* 
14, 7V**S5*M£/K#1 0 [mm/sec] 1 by 

1 (Mbit/s], -f**3*> 1 0 0 0 0 h7 5/*-Cfc 
5«>610G [bit/s]©TWI5aSa«S:X9M-5. & 
*t LXm® 1 2 0 M©*E*MIE*fc:l8V*"Ctt:aH--e 
mi [TByte] (Off r t 5 C 

10 0 2 21 HUE VCSELT W A 

»/h-ftgro*»*l^o(,>TlftW-r'5o fflffi VCSELT U-f 



VCSELsjt* 1 ro&fcN, JtE»«C^<o[Hltero«^(fi] 
(ff*(6]) K&A/fc* VCSELT iro»£MiLT, ffirK 
VCSELTUo<A*-?0>%7 7'f'<Ji'5 0ift&fcD, 
.|aHC*J»*58MRi-53T7, 7rort^B4rE, (Tattle 
= T 7, 7 0rt^H5rFi:1-tttf, Me 
VCSELT A <OtT#ffl<0*48IBJ<Dfi£li, MD+ (M 
-1) Ft, Jty#ffl«>ftttm0>ft&|*ND+ (N-l) 
Efc*fc£*l*. ?l]*|pJW»Sf 5=77, 7(7) 

i owrtBJifflji, E + Dtfcs. rn<t"9, flfie VCSEL 

Sfc5 rfcfc<$W$:Ji 5 i£<o, ffflEft 

B»K«c*oiaiEo«»i:4i-^*ett, o=a 

rctan I (D + E) / [MD+ (M- 1 ) F) ) t 

•So fcfe*L.ei4, Wte VCSELT W A WfT*(S]ir, fie 

B7g>J§£-iai. Jt7 7-f^«-6, 5, -fcTAttKUK 

T7, 7 0fiB:*(6]<DrtfflBISrEt-t-5i:, #Ht>©W* 
l6)OT^4SraoS$!4ND- (N-l) EifcfJ, fT*rt 
&U5fc!^Ul=t^l4Widif:P1Dt , fe'!), r««^W3te 
»«E#»OEME©«»t fltt, ft*-e, 8=arc 

tan ( (D-E) / (MD+ (M- 1 ) F) ) i/<e5„ 
[0 0 2 3] 

5 = 77 ro|g&*fflftJS 8 «r±awc*-t-5 * 7 7 -T 5 
3 5Stf#8«*iB»%¥tt{t:W'--1f'X?- 1 t *» 
^■#tK*«aEML-C»B[*«««iB*ft*iBflsu— !fT 

ft Sr)te^<«^X tt%ttftBMK«lce«f9£-C 
t***:*-*-*. ^1f*t:IS«t53r7«)« 

SSiteifeiS 8 Sr ±gC leff-f 5 ft 7 7 -f 5 t L r |c 
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